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Abstract 

Background: Although hypercholesterolemia is considered a cardiovascular risk factor, in isolation it is not 
necessarily sufficient cause for a cardiovascular event. To improve event prediction, cardiovascular risk calculators 
have been developed; the REGICOR calculator has been validated for use in our population. The objective of this 
project is to develop an intervention with general practitioners (GPs) and evaluate its impact on prescription 
adequacy of cholesterol-lowering drugs in primary prevention of cardiovascular disease and in controlling the costs 
associated with this disease. 

Methods: This nonblinded, cluster-randomized clinical trial analyzes data from primary care electronic medical records 
(ECAP) and other databases. Inclusion criteria are patients aged 35 to 74 years with no known cardiovascular disease 
and a new prescription for cholesterol-lowering drugs during the 2-year study period. Dependent variables include the 
following: RETIRA, defined as new cholesterol-lowering drugs initiated during the year preceding the intervention, 
considered inadequate, and withdrawn during the study period; EVITA, defined as new cholesterol-lowering 
drugs initiated during the study period and considered inadequate; COST, defined as the total cost of inadequate 
new treatments prescribed; and REGISTER, defined as the recording of cardiovascular risk factors. Independent variables 
include the GP's quality-of-care indicators and randomly assigned study group (intervention vs control), patient 
demographics, and clinical variables. Aggregated descriptive analysis will be done at the GP level and multilevel 
analysis will be performed to estimate the intervention effect, adjusted for individual and GP variables. 

Discussion: The study objective is to generate evidence about the effectiveness of implementing feedback 
information programs directed to GPs in the context of Primary Care. The goal is to improve the prescription 
adequacy of lipid-lowering therapies for primary prevention. 

Trial registration: ClinicalTrials.gov Identifier: NCT01 997671. November 28, 2013. 
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Background 

Primary care medicine has included a focus on preven- 
tion for decades, but the possible side effects of prevent- 
ive treatments were unknown or underemphasized. 
More recently, these possible risks have taken on 
greater importance in clinical practice [1,2], making 
the population aware of the potential harms associated 
with prevention efforts. 

Hypercholesterolemia as a risk factor 

The treatment of hypercholesterolemia, a risk factor for 
cardiovascular disease, is a well-established preventive 
action; its association with increased incidence of ische- 
mic heart disease has been described together with 
smoking, hypertension, and diabetes as cardiovascular 
risk factors (CVRF). In the Seven Country Study [3], 
total cholesterol of 200 mg/dl was associated with a car- 
diovascular mortality rate of 15% in the northern coun- 
tries of Europe, compared to 3% in the south (results 
adjusted for age and other CVRF). This implies that, in 
isolation, the role of hypercholesterolemia in the incidence 
of cardiovascular events is neither essential (cardiovascu- 
lar events occur in the absence of hypercholesterolemia) 
nor sufficient (most patients with high cholesterol do not 
have cardiovascular events) [4]. 

For this reason, the various models of cardiovascular 
risk calculation incorporate the presence of other risk 
factors and are not based exclusively on hypercholester- 
olemia [5]. Therefore, the calculation of cardiovascular 
risk is a tool for classifying patients according to their 
risk and contributes to decisions on hypercholesterol- 
emia treatment, focusing on decreasing the incidence 
and mortality rates associated with cardiovascular dis- 
ease rather than the potential benefits of intermediate 
outcomes such as lower levels of low-density lipopro- 
teins (LDL) and total cholesterol [6]. 

Repercussions of inadequate use of cholesterol-lowering 
drugs in primary prevention 

Pharmacological treatment of hypercholesterolemia is 
indicated in two different groups of patients: those with 
and without cardiovascular disease (primary and second- 
ary prevention, respectively). At present, there is no 
question about the indications and benefits of this ther- 
apy in secondary prevention [7]. Achieving cholesterol 
reduction objectives is usually included in evaluations of 
clinical management. In our context, indicators of LDL 
cholesterol control in patients with cerebrovascular dis- 
ease and ischemic heart disease are available dating back 
to 2007, when the electronic medical records system was 
implemented. Data include monthly monitoring and 
feedback and asynchronous reminders to all primary 
care centers (PCC) within the Catalan Institute of Health 
(ICS: Institut Catala de Salut) system. Since January 



2009, secondary prevention results (adequate LDL con- 
trol) have improved 21.87% for cerebrovascular disease 
and 15.97% for ischemic heart disease. 

In primary prevention, on the other hand, drug ther- 
apies continue to be debated for two main reasons. First, 
no benefit has been demonstrated in women, elderly, 
and low- risk patients [8]. Second, differences between 
the criteria established in various guidelines and consen- 
sus documents result in a variable clinical impact with 
respect to the number of patients for whom treatment is 
indicated [9]. In contrast to secondary prevention, clin- 
ical assessments in primary prevention do not include a 
monitoring of treatment adequacy, despite the possible 
"medicalizing" impact associated with assigning a label 
and treatment and the potential consequences for the 
patient s quality of life. 

It is also unclear whether primary prevention drains 
resources that could be directed to other clinical areas. 
The increased prescription of cholesterol-lowering drugs 
in national health systems [10] has had a major impact 
on pharmaceutical expenditures; the greatest cost is for 
statins, as a group. Few studies have analyzed the distribu- 
tion of this increased cost [11-13], but inadequate pre- 
scription of cholesterol-lowering drugs has been reported 
both as underutilization in high-risk patients and overuti- 
lization in low-risk patients [14]. 

Improvement in prescription adequacy requires that 
we address multiple factors, because this does not de- 
pend exclusively on improved adherence to clinical rec- 
ommendations [15]. Of the factors to be considered, we 
would highlight two: the general practitioner (GP) faces 
challenges in interpreting results and recommendations 
from trials with methodological biases and marginal 
population-level benefit [8], and the influence of the 
pharmaceutical and food products industries is evident 
in the presentation of clinical trial results that empha- 
sizes relative risk [16], with messages about the need to 
measure cholesterol levels and lower them with drug 
therapies that can prevent premature death in the 
healthy general population [17,18]. 

Interventions to improve prescription adequacy 

Several different types of intervention studies have been 
conducted in an effort to improve prescription adequacy 
in clinical practice. These can be grouped into three 
major types of intervention: 1) feedback or audits [19], 
in which information about clinical practice is a poster- 
iori', 2) alerts or reminders [20], which suggest an action 
such as preventive care at the time of the patient visit or 
a priori) and 3) clinical decision support systems (CDSS) 
[21], which are more complex systems that guide practi- 
tioners and provide recommendations on clinical deci- 
sions to be made, based on information added to the 
clinical record. 
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In a 2010 review of literature on interventions de- 
signed to improve clinical practice, Cochrane concluded 
that feedback leads to slight or moderate improvement 
[20]. A recent clinical trial, better adapted to the characteris- 
tics of our environment [22], demonstrates major variations 
in carrying out preventive activities such as vaccinations, 
comparing usual practice with message alerts and alerts plus 
feedback. The progressive computerization of our primary 
care system creates a unique opportunity to develop inter- 
ventions: the electronic medical records system is fully im- 
plemented in all health centers administered by the ICS and 
information systems are available that support the use of 
quality indicators and provide feedback to health care profes- 
sionals -with or without economic incentives. Although 
these may have a moderate impact, their low cost and the 
possibility of adapting them to provide personalized informa- 
tion, whether in real time or asynchronously, offer enormous 
intervention potential. 

For all these reasons, given the concerns generated 
by current statins prescription as a primary preven- 
tion strategy and the opportunity offered by informa- 
tion systems based on electronic medical records, this 
clinical trial is designed to evaluate the effectiveness 
of an intervention intended to improve the pharma- 
cological approach to hypercholesterolemia in pri- 
mary prevention. 

Research hypotheses 

Inadequate prescription of cholesterol-lowering drugs in 
patients with no history of cardiovascular disease may 
have negative repercussions for the patient as well as for 
the health care system. 

Implementation of an intervention designed for GPs in 
primary care and based on informational feedback con- 
cerning the adequacy of prescribed cholesterol-lowering 
drugs could strengthen their competency, their adher- 
ence to clinical practice guidelines (CPG), and overall ef- 
forts to contain health care costs. 

Objectives 
Primary objective 

To evaluate the effectiveness of an intervention directed to 
primary care GPs, based on providing informational feed- 
back about the adequacy of using cholesterol-lowering 
drugs in primary prevention, and designed to improve pre- 
scription practices according to the recommendations in 
clinical practice guidelines and to reduce health care costs, 
compared to current practice. 

Secondary objectives 

1. To describe demographic and clinical characteristics 
of patients receiving new prescriptions for 
cholesterol-lowering drugs. 



2. To determine the degree of adequate prescription of 
cholesterol-lowering drugs in patients treated for 
primary prevention (i.e., without previous history of 
cardiovascular disease). 

3. To identify the factors associated with adequate 
prescription of cholesterol-lowering drugs in primary 
prevention. 

4. To analyze the degree to which cardiovascular risk is 
recorded in electronic medical records after the 
intervention. 

5. To determine the economic impact of the 
cholesterol-lowering drugs prescribed for primary 
prevention during the study period. 

Method 

Study design 

The design is a multicenter, controlled, cluster-randomized, 
nonblinded clinical trial to evaluate the effectiveness of an 
intervention related to the prescription of cholesterol- 
lowering drugs in primary prevention, compared to usual 
clinical practice. 

Setting 

All individuals attended in 283 primary care center 
(PCC) managed by the ICS, which cover a population of 
5.8 million urban, semi-urban, and rural residents of 
Catalonia. 

Study population 

Twelve PCC are excluded because their current partici- 
pation in a different intervention could invalidate the re- 
sults of this study. The research team will identify all 
patients aged 35 to 74 years who received a new prescrip- 
tion for cholesterol-lowering drugs from the remaining 
271 PCC during the study period (October 1, 2011- 
September 30, 2013), as recorded in the electronic medical 
records system, known as ECAP. Exclusion criteria are any 
history of cardiovascular disease (ischemic heart disease, 
cerebrovascular accident, or peripheral artery disease) re- 
corded in ECAP and patients for whom pharmacy records 
showed receipt of a cholesterol-lowering prescription drug 
during the 12 months preceding their inclusion in the study. 

Randomization 

The unit of randomization is the PCC. This avoids a 
possible contamination effect if different health profes- 
sionals from the same PCC were randomized to different 
study groups. Cluster randomization will be done by 
random-sized blocs of PCCs (i.e., 2,4,6,8,10), stratified in 
quartiles by a synthetic PCC quality care indicator, 
"EQA" [23]. This method will ensure that each study 
group has the same number of PCCs and GPs and that 
there is a balanced distribution of the EQA covariate be- 
tween the two groups [24,25]. 
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Blinding 

Due to the nature of the intervention, GPs in the inter- 
vention group cannot be blinded to their group assign- 
ment. However, the researcher responsible for data 
analysis will be blinded to study group assignments. 

Intervention design 

Based on the list of patients with inclusion and exclusion 
criteria, the research team will analyze the adequacy of 
new prescriptions for cholesterol-lowering drugs, based 
on the recommendations contained in ICS clinical prac- 
tice guidelines on cholesterol and coronary risk [26]. The 
flow chart for this analysis is included as Additional file 1. 

All GPs assigned to the intervention group will receive 
informational feedback about the adequacy of cholesterol- 
lowering drugs prescribed for their patients. Feedback is 
provided as part of the ECAP system capabilities. The 
preparation and dissemination of intervention-related 
feedback will be monthly, beginning in the second year of 
the study (October 1, 2012-September 30, 2013). This in- 
formation, available to the GPs at their convenience, will 
be presented in two distinct and complementary formats 
and updated throughout 12 consecutive months: 

1. Asynchronous information (patient not present) 

a) Quantitative information about the percentage 
of the GPs assigned patients who have started 
primary cardiovascular prevention therapy with 
cholesterol-lowering drugs and that is considered 
correctly indicated according to the criteria 
established in the corresponding ICS clinical 
practice guidelines [26]. 

b) List of names of patients who have started 
primary cardiovascular prevention therapy with 
cholesterol-lowering drugs but do not meet the 
guidelines criteria. 

2. Real-time information (patient present when 
information is presented to GP). 

3. In each GPs daily schedule, an alert symbol will 
indicate appointments with patients who have 
started statins therapy for primary cardiovascular 
prevention without meeting the established indications 
criteria. In addition, a message will be included in the 
ECAP system of clinical advisories. This screen, used 
during the patient visit, shows all active clinical 
advisories and alerts for that specific patient. This 
may include EQA information, medication safety 
considerations, notice of availability of test results, etc. 
The GPs assigned to the control group will not receive 
the projects ECAP feedback. The study algorithm is 
diagrammed in Additional file 2. 

The research team will carry out the analysis of pre- 
scription adequacy. Implementation of ECAP feedback 



will be the responsibility of the SISAP team (Sistema de 
Informacio dels Serveis dAtencio Primaria), the ICS unit 
that provides clinical practice information to ICS pri- 
mary care professionals and administrators [26]. 

A pilot study was conducted with GPs selected from 
two primary care centers. This study ensured that data 
extraction and information alerts worked correctly. Data 
for these GPs will be excluded from the final results. 

Outcomes 

New treatment with cholesterol-lowering drugs is de- 
fined as a prescription given to a patient who has not 
collected any such prescription from a pharmacy during 
the 12 months preceding study inclusion, according to 
national health system records. 

Primary prevention is considered the absence of car- 
diovascular disease (ischemic heart disease, cerebrovas- 
cular accident, peripheral artery disease). 

The ICS clinical practice guidelines on cholesterol and 
coronary risk are applied to determine prescription ad- 
equacy when cholesterol-lowering drugs are prescribed 
for primary prevention [26]. To operationalize the algo- 
rithm, adequate treatment is defined as meeting one or 
both of the following criteria: 

A. At least 10% cardiovascular risk, according to 
REGICOR 10-year risk calculated within 12 months 
of treatment initiation. The REGICOR risk function 
has been calibrated and adapted to local incidence 
and distribution of risk factors in Catalonia [27]. It 
stratifies cardiovascular risk into 4 classifications: 
low (<5%), moderate (596-9.9%), high (1096-14.9%), 
and very high (>15%). The ICS clinical practice 
guidelines recommend the use of REGICOR tables 
to calculate coronary risk and consider individuals 
with at least 10% risk of a 10-year coronary event to 
be candidates for more intensive interventions, which 
may include cholesterol-lowering drugs. Additional 
file 3 contains the REGICOR risk tables, adapted from 
the Framingham risk calculation. 

B. At least 240 mg/dl LDL cholesterol recorded during 
the 12 months preceding treatment initiation. 

Primary outcomes 

The primary study variable is improved prescription 
adequacy in the use of cholesterol-lowering drugs for 
primary prevention of cardiovascular disease according 
to the recommendations of ICS clinical practice guide- 
lines, comparing the intervention group to usual clin- 
ical practice. 

Two dependent variables will be analyzed to address 
the primary objective: 

RETIRA, defined as new cholesterol-lowering drugs initi- 
ated during the year preceding the intervention, considered 
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inadequate, and no longer prescribed after the GP receives 
feedback information. This variable is directly affected by 
the intervention because patient records included in the 
calculation of this variable will be precisely those that trig- 
gered the intervention feedback. 

EVITA, defined as new cholesterol-lowering drugs ini- 
tiated during the 12 months follow-up period and con- 
sidered inadequate. 

Improved prescription adequacy is defined as an in- 
crease in the RETIRA variable and decrease in the 
EVITA variable. 

Secondary outcomes 

- To assess the recording of cardiovascular risk in 
electronic medical records, the REGISTER variable 
will be calculated: number of patients with no 
history of cardiovascular disease (primary 
prevention) treated with statins without having any 
record of a cardiovascular risk calculation. 

- To assess the economic impact of prescriptions, the 
COST variable will be calculated: the total cost of all 
prescriptions for new cholesterol-lowering drugs in 
primary prevention reimbursed by the national 
health system that are considered inadequate during 
the study period. 

The intervention is designed to produce an increase in 
the REGISTER variable and a decrease in the COST 
variable. 

Other variables 

The primary independent variable is the GPs assigned 
study group (intervention or control group). 

Patient variables: age, sex, new statin prescription picked 
up from a pharmacy, cardiovascular risk (calculated using 
the REGICOR formula and recorded in ECAP), choles- 
terol (total, LDL and HDL), systolic and diastolic blood 
pressure, smoking habit, treatment group from the catalog 
of statins (Anatomic, Therapeutic, Chemical [ATC] code), 
and diagnosed cardiovascular disease, diabetes mellitus, or 
hypertension, according to International Classification of 
Diseases (ICD-10 codes), listed below: 

- Myocardial infarction: 121 and subtypes, 122 and 
subtypes, 123 and subtypes, 125.2 

- Ictus: 160 and subtypes, 162 and subtypes, 163 and 
subtypes 164 

- Peripheral artery disease: 173, 173.8, 173.9 

- Tobacco use: F17 and subtypes F17.1 - F17.9 

- Diabetes Mellitus: Ell and subtypes, E12 and 
subtypes, E13 and subtypes, E14 and subtypes 

- Arterial hypertension: 110, 115, 115.1, 115.2, 115.8, 
115.9. 



General practitioner variables 

- EQR: SIDIAP has developed this synthetic index 
showing the quality standard of each GPs data 
recording in the ECAP system. 

- EQPF: This ICS synthetic indicator reflects the 
quality (adequacy) of drug prescription for each 
GP. 

- EQA: This ICS synthetic indicator reflects the 
overall quality of care provided by each GP, based 
on established ICS standards. 

- Use of the intervention: SISAP provides a monthly 
summary of the number of time each GP accesses 
the information provided in ECAP. 

- Teaching responsibilities: This variable reflects 
whether or not the GP works with a resident 
physician. 

The patient and GP variables analyzed also allow a de- 
scription of the use of cholesterol-lowering drugs for pri- 
mary prevention and the associated factors that are 
relevant to the secondary objectives. 

Data collection and follow-up 

Most of the study variables will be obtained from the 
population-based SIDIAP database (Sistema d'Informacio 
pel Desenvolupament d'Investigacio en Atencio Primdria) 
[28], which is similar to other European databases such 
as Clinical Practice Research Database (CPRD), Quality 
database for ethical research (QRESEARCH), Out-Patient 
Pharmacy Database (PHARMO), or The Health Improve- 
ment Network (THIN). The SIDIAP database contains 
anonymized data from 5.8 million individual patients in 
the ICS electronic medical records system and from com- 
plementary sources that provide valid, reliable information 
for research about primary care. This database is represen- 
tative of Catalonia as a whole (www.sidiap.org) and in- 
cludes the following information: 

1. ECAP data on sociodemographic variables, primary 
care visits, diagnoses (ICD-10 codes), clinical 
variables, prescriptions, immunizations, and 
background. ECAP implementation began in 1998 
and has been used in routine practice since 2005 in 
all PCC managed by ICS. 

2. Pharmacy records: 

Pharmacy records: Information on medication 
dispensed in community pharmacies since 2005, 
including the associated cost. 

3. Laboratory tests: Results are available for all tests 
since 2006. 

Finally, to complete the identification of patients with 
a history of cardiovascular disease, hospital discharge 
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data are available for all public hospitals in Catalonia 
(Minimum Basic DataSet). 

Sample size 

The preliminary study conducted by the research team 
showed the availability of a sample size of approximately 
60,000 new statin treatments prescribed each year. As- 
suming 90% strength, 5% alpha error, a 1:1 ratio of con- 
trol to intervention participants, corrected by the cluster 
design and assuming 10% loss to follow-up, our study 
could detect a difference of 1% (according to the medical 
criteria applied by the experts on the research team) at a 
90% confidence interval Even with this strength level, a 
clinically relevant difference of 10% can be established. 

Statistical analysis 

Initially, descriptive analysis will be completed for all 
study variables: mean (standard deviation) for continu- 
ous variables with a normal distribution, median (inter- 
quartile ranges) in the case of non-normal distribution 
and the frequency (percentage) of categorical variables. 
Differences between the intervention and control groups 
will be assessed using the \2 or Fisher exact test for categor- 
ical variables and Student t for continuous variables with 
normal distribution, or nonparametric Mann- Whitney U 
test, as appropriate. Differences between means, medians, or 
ratios at the beginning and end of the two-year follow-up 
period (pre- and post-intervention) will be compared using 
the McNemar test, Student t for paired tests, or Wilcoxon 
test, as appropriate. 

The percent change with respect to baseline value is 
used as a measure of the pre- and post-intervention 
change in categorical variables, calculated as the final 
percentage minus the initial percentage x 100. 

The intervention effect after one year of follow-up will 
be evaluated using the decrease in the EVITA variable 
and increase in the RETIRA variable. To assess the effect 
of the intervention model, a multilevel logistic regression 
analysis will be performed, considering intervention vs 
control group as the independent variable. The analysis 
will be adjusted for potential predictive independent var- 
iables and, for those considered clinically relevant, for 
baseline values. 

To determine the economic impact of new prescrip- 
tions of cholesterol-lowering drugs in primary preven- 
tion prescribed during the study period, a descriptive 
analysis of costs and resource use will be completed for 
each study group and the groups will be compared (dis- 
count rate: 3%). The incremental cost-effectiveness ratio 
will be calculated as the difference between the cost 
average for the 2 study groups, divided by the difference 
between the effects for both groups. Acceptance curves 
will be calculated to determine the cost-effectiveness of 
the intervention compared to usual practice. 



Significance will be established at the 5% level. All ana- 
lysis will be done using Stata/SE, version 10.1 (StataCorp). 

Research ethics 

The study will follow the national and international 
norms defined in the Declarations of Helsinki and 
Tokyo, as well as the recommendations of the Clinical 
Research Ethics Committee (CEIC) of our research insti- 
tute, the Institut Universitari dlnvestigacio en Atencio 
Primaria (IDIAP) Jordi Gol. Confidentiality of personal 
data is guaranteed for all participants in accordance with 
Spanish Law (LOPD: Ley Orgdnica de Protection de 
Datos de Car deter Personal IS/ 1999, 13 December). 

The data included in the SIDIAP database are anon- 
ymized and identified only by an internal code, created 
when the record is created; personal identification of pa- 
tients by the research team is impossible. All PCC will 
be informed about the study outcomes. 

To further guarantee confidentiality, SIDIAP has a 
protocol for linking records with external databases such 
as the CMBD-AH, and information provided by SISAP 
does not contain patient- identifying data. The procedure 
used consistently by SISAP is that anonymized codes are 
assigned, which the ECAP system decodes when infor- 
mation is provided to professionals responsible for that 
patients care. 

Discussion 

The results of this trial will provide new evidence of the 
effectiveness of an intervention based on clinical advice 
and feedback to primary care professionals via electronic 
medical records information. Extensive computerization 
of PCC records allows the creation of mechanisms and 
instruments to help the professional improve his or her 
approach to particular health problems and adherence 
to current clinical practice guidelines. 

There are major problems with pharmacological treat- 
ment for the primary prevention of hypercholesterolemia, 
including a high percentage of patients being treated in- 
appropriately under established guidelines. It is a priority 
to address these problems within PCCs, in order to avoid 
negative consequences for patients as well as for the 
health care system. 

This trial will be conducted in a broad population of 
more than 5 million patients, which results in sufficient 
strength to obtain significant results. In addition, evaluation 
of the intervention will be based on an information system 
that has been widely studied and validated, the SIDIAP. 

In any case, the study has several limitations, which we 
have attempted to address. One assumes that all databases 
(such as SIDIAP) have a certain level of underreporting 
on variables of interest, although this should not differ be- 
tween the two randomized study groups. In our case, data 
recording in the electronic medical records should be 
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reliable: most of the study variables form part of the qual- 
ity indicators that are incentivized by the ICS payment 
systems. In addition, one of the study variables, EQR, is 
the level of professional quality, which allows a sub- 
analysis of the quality of the services provided. To avoid 
the loss of recorded diagnoses, any diagnosis of cardiovas- 
cular disease recorded in the electronic medical record 
will be complemented with hospital discharge diagnostic 
data. With respect to the treatment variables, the records 
are reliable because the data are taken from the pharma- 
cies' invoicing system for national health system reim- 
bursement for the prescriptions they filled for patients. 

The fact that the groups are not blinded is a limitation 
of the intervention, and the possibility of contamination 
between groups could limit the study conclusions. None- 
theless, we attempt to evaluate the effectiveness of an 
intervention in a real-life context linked to normal clin- 
ical practice, where this type of situation is quite fre- 
quent. Randomization by PCC rather than by individual 
GP reduces the probability of contamination between 
the study groups. 

In conclusion, this study contributes new knowledge 
about interventions that can improve the prescription of 
cholesterol-lowering drugs by following the recommenda- 
tions in clinical practice guidelines, and can help to reduce 
health care costs. We consider this study very valuable for 
informing health care professionals about changes that 
can be made, based on the information received in PCC. 

The study provides an idea of usual clinical practice by 
primary care professionals related to the adequacy of 
cholesterol-lowering drug prescriptions for primary pre- 
vention. At the same time, it allows us to evaluate possible 
changes that could occur naturally after an intervention 
related to the proper prescription of cholesterol-lowering 
drugs. This study could have special relevance because of 
the enormous potential offered by the low cost of the 
intervention and the possibility of adapting the electronic 
medical records system to provide personalized informa- 
tion, whether in real time or asynchronously. 

Additional files 



Abbreviations 

CDSS: Clinical Decision Support System; CEIC: Clinical Research Ethics 
Committee; CMBD-AH: Minimum Basic Dataset of Admissions to Hospital; 
CPG: Clinical practice guidelines; CPRD: Clinical Practice Research Database; 
CVRF: Cardiovascular risk factor; ECAP: Electronic health record system of the 
Institut Catala de la Salut in primary care, estacio Clfnica d'Atencio Primaria; 



EQA: Quality Care Indicator; EQPF: Prescription Quality Indicator; EQR: Quality 
of data recording; GP: General practitioner; HDL: High-density lipids; 
ICD: International Classification of Diseases; ICS: Institut Catala de la Salut; 
IDIAP: Institut Universitari d'lnvestigacio en Atencio Primaria; LDL: Low- 
density lipids; PCC: Primary Care Center; PHARMO: Out-Patient Pharmacy 
Database; QRESEARCH: Quality database for ethical research; 
REGICOR: Registre Gironi del Cor, SIDIAP: Information system for research on 
primary care: Sistema de Informacio pel Desenvolupament d'lnvestigacio en 
Atencio Primaria; SISAP: Primary care database: Sistema d'lnformacio dels 
Serveis d'Atencio Primaria; THIN: The Health Improvement Network. 

Competing interest 

This manuscript contains no information on medical devices. The authors 
neither received, nor will receive, individual financing of their work. The 
authors declare that there are no competing interests. 

Authors' contributions 

BB is the principal investigator and coordinator of the project. The study was 
designed by BB, MF, IN, and FF. These authors, with the help of EH, MM, SC, 
RM and ES, designed the intervention. EH, FF, RM were responsible for 
database creation and management. The intervention was implemented by 
FF, EH, EC, LM, SC and MM. EH performed the statistical analyses. All the 
authors have read and revised the various versions of the manuscript and 
have approved this final version. 

Acknowledgements 

To Joan Camus and Albert Mercade for technology expertise without which 
this study would not have been possible. 

To the Institut Catala de la Salut and all of its professional staff for the 
support provided to carry out this study. 

To Elaine Lilly for assistance with manuscript preparation and English 
language revision. 

This work was made possible by competitively awarded grants in support of 
independent clinical research from Spain's Ministry of Health, Social Services, 
and Equality (EC1 1-342). 

Author details 

] ABS La Marina, SAP Esquerra, Institut Catala de la Salut, Barcelona, Spain. 
2 lnstitut Universitari d'lnvestigacio en Atencio Primaria Jordi Gol (IDIAP Jordi 
Gol), Barcelona, Spain. 3 Hospital ParcTauli, Sabadell, Spain. 4 Sistemes 
d'lnformacio d'Atencio Primaria (SISAP) - Sistema d'lnformacio per al 
Desenvolupament de la Investigacio en Atencio Primaria (SIDIAP), Institut 
Catala de la Salut, Institut Universitari d'lnvestigacio en Atencio Primaria Jordi 
Gol (IDIAP Jordi Gol), Barcelona, Spain. 5 Area de Desenvolupament Clinic, 
Direccio Adjunta d'Afers Assistencials, Institut Catala de la Salut, Institut 
Universitari d'investigacio en Atencio Primaria Jordi Gol (IDIAP Jordi Gol), 
Barcelona, Spain. 6 Centre d'Atencio Primaria Baix a Mar, Consell comarcal del 
Garraf, Vilanova i la Geltru, Barcelona, Spain. 7 Universitat Autonoma de 
Barcelona, Cerdanyola del Valles, Spain. 

Received: 27 June 2014 Accepted: 8 July 2014 
Published: 15 July 2014 

References 

1. Starfield B, Hyde J, Gervas J, Heath I: The concept of prevention: a good 
idea gone astray? J Epidemiol Community Health 2008, 62:580-583. 

2. Fugelli P: The Zero-vision: potential side effects of communicating health 
perfection and zero risk. Patient Educ Couns 2006, 60:267-271. 

3. Verschuren WMM, Jacobs DR, Bloemberg BPM, Kromhout D, Menotti A, 
Aravanis C, Blackburn H, Buzina R, Dontas AS, Fidanza F, Karvonen MJ, 
Nedelijkovic S, Nissinen A, Toshima H: Serum total cholesterol and long-term 
coronary heart disease mortality in different cultures. Twenty-five-year 
follow-up of the seven countries study. JAMA 1995, 274:131-136. 

4. Gil M, Marti H, Elosua R, Grau M, Sala J, Masia R, Perez G, Roset P, Bielsa O, 
Vila J, Marrugat J: Analisis de la tendencia en la letalidad, incidencia y 
mortalidad por infarto de miocardio en Girona entre 1990 y 1999. Rev 
Esp Cardiol 2007, 60:349-356. 

5. Comin E, Solanas P, Cabezas C, Subirana I, Ramos R, Gene-Badia J, Cordon F, 
Grau M, Cabre-Vila JJ, Marrugat J: Rendimiento de la estimacion del riesgo 
cardiovascular en Espaha mediante la utilizacion de distintas funciones. 
Rev Esp Cardiol 2007, 60:693-702. 



Additional file 1: Catalan Institute of Health Clinical Guidelines for 
Primary Prevention of Cardiovascular Disease [26]. 

Additional file 2: Study algorithm. 

Additional file 3: Framingham-REGICOR adapted risk charts, 
simplified into four risk categories based on event concentration 
data and the 10-year risk cutoff values proposed by experts from 
various autonomous communities in Spain. 



Fabregas et al. BMC Family Practice 201 4, 1 5:1 35 Page 8 of 8 

http://www.biomedcentral.com/1471-2296/15/135 



10. 



12. 



13. 



14. 



15. 



16. 



17. 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



Grundy SM: Promise of low-density lipoprotein-lowering therapy for 
primary and secondary prevention. Circulation 2008, 117:569-573. 
Law MR, Wald NJ, Rudnicka AR: Quantifying effect of statins on low 
density lipoprotein cholesterol, ischaemic heart disease, and stroke: 
systematic review and meta-analysis. BMJ 2003, 326:1407-1408. 
Do statins have a role in primary prevention? An update. Therapeutics 
Letter Issue 77/ Mar - Apr 2010. Disponibe en: http://ti.ubc.ca/letter77. 
Miguel F, Merino A, Montero MJ: La prevencion segun el CEIP para la 
prevencion cardiovascular: una valoracion critica. Rev Esp Salud Publico 
2010, 84(2):104-107. 

Walley T, Folino-Gallo P, Stephens P, Van Ganse E: Trends in prescribing 
and utilization of statins and other lipid lowering drug across Europe 
1997-2003. Br J Clin Pharmacol 2005, 59(5):564-573. 
Peiro S, Sanfelix Gimeno G, Ridao Lopez M, Cervera CP: Revision sistematica 
de evaluaciones economicas de las estatinas comercializadas en Espaha. 
Valencia: Fundacion Institute de Investigacion en Servicios de Salud; 2005. 
Brody H, Light DW: The inverse benefit law: how drug marketing 
undermines patient safety and public health. Am J Public Health 201 1, 
101(3)399-404. 

Hayward RA, Krumholz HM, Zulman DM, Timbie JW, Vijan S: Optimizing 
statin treatment for primary prevention of coronary artery disease. Ann 

Intern Med 2010, 152:69-77. 

DARIOS, Baena-Diez JM, Felix FJ, Grau M, Cabrera de Leon A, Sanz H, Leal M, 
Elosua R, Rodriguez-Perez Mdel C, Guembe MJ, Toran P, Vega-Alonso T, 
Ortiz H, Perez-Castan JF, Frontera-Juan G, Lapetra J, Tormo MJ, Segura A, 
Fernandez-Berges D, Marrugat J: Risk factor treatment and control in 
relation to coronary disease risk in the Spanish population of the 
DARIOS Study. Rev Esp Cardiol 201 1, 64(9):766-773. 
Smith MA, Cox E, Bartell JM: Overprescribing in lipid lowering agents. 
Quality and Safety in H. Care 2006, 15:251-257. 
Brugts JJ, Yetgin T, Hoeks SE, Gotto AM, Shepherd J, Westendorp RG, de 
Craen AJ, Knopp RH, Nakamura H, Ridker P, van Domburg R, Deckers JW: 
The benefits of statins in people without established cardiovascular 
disease but with cardiovascular risk factors: meta-analysis of randomised 
controlled trials. BMJ 2009, 338:b2376. 

Mintzes B: Disease mongering in drug promotion: Do governments have 
a regulatory role? PLoS Med 2006, 3(4):e198. 

Hooper L, Thompson RL, Harrison RA, Summerbell CD, Ness AR, Moore HJ, 
Worthington HV, Durrington PN, Higgins JP, Capps NE, Riemersma RA, 
Ebrahim SB, Davey Smith G: Risks and benefits of omega3 fats for 
mortality, cardiovascular disease and cancer: a systematic review. BMJ 

2006, 332:752-755. 

Jamtvedt G, Young JM, Kristoffersen DT, O'Brien MA, Oxman AD: Audit and 
Feedback: effects on professional practice and health care outcomes. 

Cochrane Database Syst Rev 2006, 2, CD000259. 

Shojania KG, Jennings A, Mayhew A, Ramsay C, Eccles M, Grimshaw J: Effect 
of point-of-care computer reminders on physician behaviour: a systematic 
review. CMAJ 2010, 1 82(5):E21 6-E225. 

Kawamoto K, Houlihan CA, Balas EA, Lobach DF: Improving clinical practice 
using clinical decision support systems: a systematic review of trials to 
identify features critical to success. BMJ 2005, 330(7494)765. 
Loo TS, Davis RB, Lipsitz LA, Irish J, Bates CK, Agarwal K, Markson L, Hamel MB: 
Electronic medical record reminders and panel management to improve 
primary care of elderly patients. Arch Intern Med 201 1, 171(1 7):1 552-1 558. 
Iglesias Perez B, Cortes Perez P, Fina Aviles F, Mendez Boo L, Ferran 
Mercade M, Medina Peralta M, Serrano Carro B, Casajuana Brunet J, 
Calero Muhoz S, Morros Pedros R, Amat Camats G: Indicador sintetic de 
qualitat assistencial (EQA) dels equips d'atencio primaria 2008 [En Ifnea] 
Barcelona: Institut Catala de la Salut. 2008. Disponible en: http://www. 
gencat.net/ics/professionals/pdf/EQA_2008.pdf. 
Garcia-Gil Mdel M, Hermosilla E, Prieto-Alhambra D, Fina F, Rosell M, Ramos R, 
Rodriguez J, Williams T, Van Staa T, Bolibar B: Construction and validation of 
ascoring system for the selection of high-quality data in a Spanish 
populationprimary care database (SIDIAP). Inform Prim Care 2011, 
19(3):135-145. 

Lancaster GA, Campbell MJ, Eldridge S, Farrin A, Marchant M, Muller S, 
Perera R, Peters TJ, Prevost AT, Rait G: Trials in primary care: statistical 
issues inthe design, conduct and evaluation of complex interventions. 

Stat Methods Med Res 2010, 19(4):349-377. 

Baena Diez JM, Barcelo Colomer E, Ciurana Misol R, Franzi Siso A, Garcia 
Cerdan MR, Rios Rodriguez MA, Ramos Blanes R, Solanas Saura P, Vilaseca 



Canals J: Colesterol i rise coronari. Barcelona: Institut Catala de la Salut, 2009. 
Guies de practica clinica i material docent, num. 1. Disponible en: http:// 
www.gencat.cat/ics/professionals/guies/colesterol/colesterol.htm. 

27. Marrugat J, Vila J, Baena-Diez JM, Grau M, Sala J, Ramos R, Subirana I, Fito M, 
Elosua R: Validez relativa de la estimacion del riesgo cardiovascular a 10 
anos en una cohorte poblacional del estudio REGICOR. Rev Esp Cardiol 
2011,64:385-394. 

28. Bolibar B, Fina F, Morros R, Garcia-Gil M, Hermosilla E, Ramos R, Rosell M, 
Rodriguez J, Medina M, Calero S, Prieto-Alhambra D: SIDIAP database: 
electronic clinical records in Primary Care as a source of information 
for epidemiologic research. Med Clin 2012, 1 38(1 4):61 7-621. 



doi:1 0.1 1 86/1 471 -2296-1 5-1 35 

Cite this article as: Fabregas et al.: Effectiveness of an intervention 
designed to optimize statins use: a primary prevention randomized 
clinical trial. BMC Family Practice 2014 15:135. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



